Background: Accurate monitoring of sodium intake is necessary for evaluating strategies used to reduce sodium intake.
Introduction
A reduction in sodium intake is the key public health action to prevent hypertension and related noncommunicable diseases (1, 2) . Sodium intake in most countries exceeds the WHO recommendation for adults of 2000 mg/d (3) , and many of these countries have taken action to reduce their excess sodium intake (1, (4) (5) (6) (7) (8) . Accurate monitoring of sodium intake is necessary to assess whether or not a reduction in sodium intake meets the target level. Because ;90% of sodium consumed is excreted in the urine, 24-h urine collection is highly recommended as a standard method for estimating sodium intake (9) (10) (11) (12) . However, dietary surveys (e.g., dietary recall or weighted dietary records) are conducted in many countries to capture nutrient intake in the population. These methods estimate sodium intake as an aggregate value of sodium in foods consumed on a particular day. However, it is difficult to measure the weight of sodium contained in a meal or foods; in many cases, a certain proportion of sodium intake is misreported or underestimated (12) (13) (14) (15) . In Japan, the National Health and Nutrition Survey (NHNS), which conducts 1-d household-based dietary records in a representative population, reported a mean sodium intake of 4290 mg/d in men and 3620 mg/d in women in 2014, and found that reported sodium intake has continuously decreased since the 1970s (16, 17) . Contrary to these findings, our 2013 study that used a 24-h urine collection approach showed a mean sodium intake of 5520 mg/d in men and 4650 mg/d in women in 2013 (18) . These results suggest that the sodium intake reported by the NHNS was likely underestimated. Since the 1950s, Japan has made a substantial effort to decrease the stroke mortality rate by promoting a low-sodium diet (4) . Consequently, there has been a nationwide decrease in sodium intake; however, further reduction strategies have not been instituted. Without a trend in 24-h urine sodium excretion from a nationally representative sample, we cannot conclude that sodium intake in Japan has decreased with time. Reports of 24-h urinary sodium excretion from previous surveys and epidemiologic studies would provide data to assess potential trends in sodium intake (19) . This information would be used for developing population-based strategies to reduce sodium intake.
Our goal was to systematically review publications reporting 24-h urine sodium excretion in order to identify trends in sodium intake in healthy Japanese adult populations.
Methods
The present systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement for reporting systematic reviews (20) . The present review was registered at PROSPERO as registration number CRD42016035452 (21) .
Eligibility criteria. Sodium excretion was evaluated with the use of 24-h urine collections from free-living healthy Japanese adult populations, with the population mean age range of 18-69 y. For urinary sodium excretion, we included the reported values under participantsÕ usual diets. If the study participants were mostly healthy Japanese adults, we allowed study samples to include some participants who had untreated hypertension or were taking medications. We primarily included peerreviewed published articles, but conditionally included conference reports when the study otherwise met our inclusion criteria. We did not restrict the study year, but published articles had to be written in English or Japanese. No restriction of study type was adopted; we included reports in baseline or run-in periods for experimental, cohort, and intervention studies (randomized and nonrandomized trials).
Search strategy. We searched MEDLINE (PubMed) and Web of Science for English-language articles. Two reviewers (KU and MS) independently searched articles from November to December 2015. We used search terms related to sodium (e.g., sodium, dietary sodium, sodium chloride, salt, and Na), urine (e.g., urine, urinalysis, and biomarker), and population characteristics (e.g., adult and Japan). Complete search terms for electronic database searches are shown in Supplemental Material 1. When searching Japanese-language articles, we used 7 journals (Japanese Journal of Public Health, Japanese Journal of Health and Human Ecology, Japanese Journal of Hygiene, The Japanese Journal of Nutrition and Dietetics, Journal of Japan Society of Nutrition and Food Science, Journal for the Integrated Study of Dietary Habits, and Japanese Journal of Cardiovascular Disease Prevention) that reported sodium intake in particular populations regardless of estimation methods, and were published by scientific societies registered with the Science Council of Japan (http://www.scj.go.jp/en/index.html). Two reviewers (KU and MS) then independently searched these target journals for publications preceding December 2015. We also checked the reference lists of each article to identify other potentially relevant articles. Once the duplicate articles were removed, one reviewer (KU) screened articles by title and abstract according to the predefined eligibility criteria, and a second reviewer (MS) independently reviewed the articles in a similar manner. Disagreements were resolved through discussions between KU and MS. Other outside individuals did not take part in this process.
Data extraction. Data extraction was independently performed by 2 reviewers, and included the following: author name, study year, publication year, study type, study area (by the 47 prefectures of Japan), number of participants, percentage of men, and number of urine collections. If the study was conducted for $2 y, we considered the study year to be the midpoint of the study period. When the study year was not reported, we assumed the study year to be the year before the publication year. In addition to the above data, the mean and SD values of several variables, such as age (year), BMI (kg/m 2 ), systolic and diastolic blood pressure (millimeters of mercury), and 24-h sodium excretion (milligrams per day), were also extracted. For 24-h urinary sodium excretion, millimoles per day and grams of salt per day were converted to milligrams per day (1 mmol = 23 mg and 1 g salt = 394 mg sodium). If urinary sodium excretion and other variables were reported by subgroups (e.g., men and women or study area), these values were independently extracted. When the means and SDs of urinary sodium excretion and other variables were only reported for a subgroup, we calculated the overall means and SDs (Supplemental Material 1).
Study quality and risk of bias. We evaluated sampling method, sample size, and measurement quality to assess risk of bias and study quality. We investigated each study for the sampling method in recruiting study participants, and for population size of $100 participants, which is the recommended sample size for estimating population sodium intake (11) . Because incomplete urine collection is one cause of incorrect estimation of sodium excretion (10), we analyzed whether or not the studies assessed for completeness of urine collection (11) . Measurement of urine biomarkers, such as p-aminobenzoic acid (PABA) or creatinine excretion, is considered to be a more reliable assessment of urine collection completeness than self-reporting or collection-record. PABA intake in a 24-h period is almost completely excreted in urine. Therefore, a urine PABA of <85% PABA intake would be considered an incomplete urine collection (10) .
Statistical analysis. We estimated the overall and sex-stratified weighted means and SEs of sodium excretion with the use of the square root of the number of participants as weight. We then calculated these values by decade, and briefly examined the linear decrease trend in mean sodium excretion with the use of the square root of the number of participants as weight. From a result of post hoc power analysis with the use of extracted reports, the linear regression analysis detected a difference in urinary sodium excretion of $45 mg Na Á d 21 Á y 21 with a power of 95%.
We then performed a multivariate weighted linear regression analysis with the use of mean urinary sodium excretion as a dependent variable, and year (continuous), quadratic term of year (year 3 year, continuous), percentage of men (continuous), age (#45 compared with >45 y), and sample size (<100 compared with $100 participants) as independent variables. We estimated the adjusted and unadjusted trends in mean urinary sodium excretion in all reports, and then compared trends with the use of scatter plots of least-squares means 6 95% CIs of urinary sodium excretion by study year. Because a majority of studies reported in the 1950s-1960s did not report SEs, we substituted the square root of the number of participants for inverse of variance (1/SE 2 ) in the weighted linear regression analysis, which allowed us to explore long-term trends in urine sodium excretion.
Lastly, we performed random-effects meta-regression analysis to examine the trend in urinary sodium excretion over time after taking into Trends in 24-hour sodium excretion in Japan 391 account heterogeneity from differences in study characteristics. Inverse of variance (within-study variance plus between-study variance) was used as the weight in this analysis. Consequently, we excluded studies that failed to report urinary sodium excretion and SEs or SDs. Studies were also excluded if there were values missing for analysis variables. The model included 24-h urinary sodium excretion as a dependent variable, and study year, percentage of men, age (#45 or >45 y), and sample size (<100 or $100 participants) as independent variables. For accurate evaluation of 24-h urinary sodium excretion and trend over time, individual analyses were performed for studies that assessed for completeness of urine collection with the use of PABA or creatinine excretion. We used SAS version 9.4 for data management and for weighted linear regression analysis, and used the ''metareg'' commands in Stata version 14 for random-effects meta-regression analysis. Statistical significance was set at P < 0.05 for all analyses.
Results
After reviewing 198 citations and 174 full-text articles ( Figure  1) , we extracted 68 reports of 24-h urinary sodium excretion from 53 eligible published articles written in English and/or Japanese (Supplemental Table 1 and Supplemental Figure 1 ) (18, . Six of the extracted studies recruited participants with the use of random sampling, 24 studies recruited $100 participants, and 17 studies, which were published after the late 1970s, checked for completeness of urine collection with the use of urinary creatinine excretion. None of the reviewed studies used PABA excretion to assess for completeness of urine collection (Supplemental Table 1 ). Values are presented as means 6 SEs.
From 1953 to 2014, the weighted mean urinary sodium excretion in healthy adult Japanese populations was 4900 6 190 mg/d. The corresponding weighted mean urinary sodium excretion by sex was 5280 6 310 mg/d in men and 4620 6 290 mg/d in women (Supplemental Table 2 ). During this period, urinary sodium excretion decreased significantly by 4350 mg/d (P < 0.001) ( Figure 2) . Unfortunately, because studies before 1978 did not assess for urine collection completeness with the use of creatinine or PABA excretion, no significant relation between urinary sodium excretion and time was observed ( Figure 2 ).
FIGURE 1
Flow diagram for eligible study selection. A dual review was conducted throughout the selection process. We selected 7 Japanese journals published by scientific societies registered with the Science Council of Japan (http://www.scj.go. jp/en/index.html) that publish articles reporting sodium intake in particular groups and populations regardless of estimation methods.
The multivariate weighted linear regression analysis for all 68 reports showed a significant association between linear and quadratic term of study year and urinary sodium excretion. This relation is shown as a curvilinear decrease in urinary sodium excretion over time ( Table 1) . The scatter plot of study characteristics-adjusted mean sodium excretion by study year showed this trend; i.e., the pace of reduction apparently decreased with time, and then the trend actually became flat after the late 1970s. (Figure 3) .
For studies that assessed for completeness of urine collection, random-effects meta-regression analysis showed no significant relation between urinary sodium excretion and year between 1978 and 2014 (b = 216, P = 0.40) ( Table 2) . However, the analysis of all studies (b = 244, P = 0.002) or studies that did not assess for completeness of urine collection (b = 257, P = 0.03) showed a significant reduction in urinary sodium excretion in the same period ( Table 2 ).
Discussion
We identified 68 reports of urinary sodium excretion from 53 eligible articles published from 1953 to 2014. These reports showed high urinary sodium excretion in healthy Japanese adult populations (weighted mean: 4900 mg/d). Although urinary sodium excretion in Japan significantly decreased (4350 mg/d) during that time period, our results suggest that the rate of reduction in urinary sodium excretion slowed with time. When we adjusted for study characteristics with the use of randomeffects meta-regression analysis, we found no significant relation between urinary sodium excretion and study year in studies assessed for completeness of urine collection with the use of creatinine excretion. These results suggested that sodium intake in healthy Japanese adult populations decreased between 1953 and 2014, yet still exceeded the WHO recommendation for adults.
The curvilinear relation between urinary sodium excretion and study year ( Table 1) showed an inflection point occurring in the late 1970s, which is consistent with societal changes that occurred in Japan at that time. It is commonly accepted that a nationwide campaign on stroke prevention contributed to the reduction in sodium intake (4, 5) . However, rapid social development (e.g., development of the food industry and the distribution system for processed foods), the westernization of the Japanese diet, and behavioral change, such as making use of refrigeration instead of salt to preserve foods, may also have contributed to the decrease in sodium intake after the 1950s (4, 5) . In fact, the prevalence of electrical refrigeration in Japan rose from 2.8% in the late 1950s to nearly 100% in the mid-1970s (74, 75) . Although sodium content in some preserved foods (e.g., pickled vegetables) was largely unchanged despite modifications in the Japanese food composition table from the 1960s until 2015, sodium intake from pickled vegetable consumption in younger adults was less than that of older adults, suggesting that food choice was further diversified by social developments, such as refrigeration (76) . , reports from studies that assessed for completeness of urine collection by criteria with the use of creatinine excretion (n = 21) (B), and reports from studies that did not assess for completeness of urine collection (n = 47) (C). The square root of the number of study participants was used as the weight. Overall weighted values are means 6 SEs. The differences in weighted means between the 1950s and 2010s were examined by linear regression analysis with the use of weighted mean urinary sodium excretion (dependent variable) and study year by decade (independent variable: dummy variables of 6 classes). The significance of decrease trend (P-trend) was examined by linear regression analysis with the use of weighted mean urinary sodium excretion (dependent variable) and study year by decade (independent variable, continuous).
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In contrast to our findings regarding trends in urinary sodium excretion after the 1970s, the NHNS reported a constant decreasing trend in sodium intake starting in 1973 (16, 17) . However, given the limitations of diet records (13) (14) (15) , the NHNS potentially underestimated sodium intake. In fact, sodium intake as surveyed by the NHNS decreased from 5700 mg/d in 1973 to 4720 mg/d in the 1980s (16) . Recent NHNS reports show a sodium intake reduction to 3930 mg/d in 2014 (17) . However, these NHNS estimations were similar to or lower than the urinary sodium excretions during the same time period (Supplemental Table 2 ).
The quality of data in this review may be moderate in terms of estimating mean sodium excretion. In this review, only 6 studies conducted random sampling, 23 had sufficient sample sizes, and 17 studies assessed for completeness of urine collection with the use of a biomarker (Supplemental Table 1 ). There was no study that satisfied all these conditions. Our review is the first, to our knowledge, to report a national trend in long-term sodium intake with the use of 24-h urinary sodium excretion in healthy Japanese adult populations.
Sodium intake in Japan may be more problematic than previously assumed. The nationwide campaign that was a key in reducing sodium intake in the Japanese population occurred decades ago. As a first step, the government should plan for accurate sodium intake monitoring with 24-h urine collection, not only for the accurate assessment of sodium intake, but also for the evaluation of current strategies and the development of future strategies to reduce sodium intake.
The United Kingdom (7) and Finland (77) have conducted serial 24-h urine collections to monitor sodium intake, showing an intake of 3190 mg/d (7) and 3200 mg/d (78) in the United 2 Reports were categorized on the basis of whether the completeness of urine collection was assessed in that study. ''No'' indicates that the study did not report the method of assessment for completeness of urine collection, or it assessed completeness by self-report or collection records. ''By creatinine excretion'' indicates that the study assessed for completeness of urine collection by criteria that used creatinine excretion (e.g., creatinine:body weight ratio or comparisons with predicted 24-h creatinine excretion).
FIGURE 3
Unadjusted and adjusted weighted mean sodium excretion by study year in Japanese adult populations. The analysis used 59 reports with no missing values in relevant variables. The least-squares weighted means of reports in each year were plotted on the coordinate as unadjusted weighted mean sodium excretions 6 95% CIs (A) and adjusted weighted mean urinary sodium excretions 6 95% CIs (B). The adjusted weighted mean urinary sodium excretion was estimated by linear regression analysis with the use of reported urinary sodium excretion as a dependent variable, and study year (continuous), sex (percentage of men, continuous), mean age (#45 or .45 y), and sample size (,100 or $100 participants) as independent variables. Each report was weighted by the square root of the number of participants.
Kingdom and Finland, respectively. In the United States, Bernstein and Willett (19) conducted a systematic review to examine trends in sodium intake with the use of 24-h urine collection; this showed a sodium intake of 3530 mg/d, but it found no decreasing trend. Chinese populations have shown a sodium intake similar to that of Japan (5230 mg/d) (79) . Du et al. (79) reported a high sodium intake, although with a decreasing trend over time, in a randomly sampled cohort in China (80) . However, the study did not assess sodium intake with the use of 24-h urine collection, and it did not consider the potential effect of lower dietary intake with aging (80) . Sodium intake in the Japanese population has exceeded both the WHO recommendation (2000 mg/d for adults) and the Japanese dietary goal (3150 mg/d for men and 2760 mg/d for women) for sodium intake for >60 y.
Several limitations of this review should be mentioned. First, it is possible that we missed other eligible articles, particularly articles in Japanese. Consequently, our lack of comprehensiveness may have resulted in the omission of includable evidence. Second, the present review included only a few reports of urinary sodium excretion examined in the 1960s-1970s. Hence, the curvilinear trend we suggested was ideal because the data in missing years was extrapolated with regression analysis. Third, we could not completely consider the potential for bias when estimating the trend in sodium intake. Because only 6 studies performed random sampling, the present review may show biased trends in sodium intake. However, we were not aware of the magnitude and direction of bias, which was derived from the nonrandom sampling because there was no preceding report of 24-h urine in a representative population of healthy Japanese adults. Fourth, we could not deny the presence of ecological fallacy, which is a major limitation of study-level metaregression analysis. The relation between sodium excretion and mean age or sex should not be interpreted or generalized as individual-level relations. Fifth, the present review may not sufficiently exclude the biased estimation of urinary sodium excretion, because there is no perfect method for confirming the completeness of urine collection. However, because urinary sodium excretion is easily underestimated, consideration of study assessment for completeness of urine collection was a more rigorous process for assessing estimated sodium excretions and trend over time. Finally, our analysis did not include sufficient study characteristics. We did not consider BMI in the trend analysis because many older studies did not report participantsÕ BMI, which was conceptualized in the 1980s (81, 82) . When we tentatively included BMI in the metaregression model with studies that had no missing values in analyzed variables (used reports: n = 16), there was no significant reduction in urinary sodium excretion between 1985 and 2014 (b = 29.7, P = 0.41).
In conclusion, we found that there was a significant reduction in urinary sodium excretion in healthy Japanese adult populations between 1953 and 2014. However, sodium intake has exceeded the WHO recommendation of 2000 mg/d for adults for >60 y, suggesting that there is a great need for interventions aimed at reducing sodium intake in Japan. It is possible that the trends in sodium intake reported in this review may be biased because of the limitation of meta-regression analysis. Hence, the trend should be considered provisional and interpreted carefully. , and sample size of study (,100 vs. $100), as independent variables. 2 Reports were categorized on the basis of whether the completeness of urine collection was assessed in that study. ''No'' indicates that the study did not report the method of assessment for completeness of urine collection, or it checked completeness by self-report or collection records. ''By creatinine excretion'' indicates that the study assessed for completeness of urine collection by criteria that used creatinine excretion (e.g., creatinine:body weight ratio or comparisons with predicted 24-h creatinine excretion).
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